Objective: Mesenteric ischemia (MESI) is a rare but often fatal complication in patients after cardiac surgery. Nonspecific clinical symptoms and lack of specific laboratory parameters complicate the diagnosis. We evaluated potential serum markers for MESI in cardiac surgery patients. Methods: Between March and October 2012, serial serum samples of 567 elective cardiac surgery patients were collected 1, 24, and 48 h after the operation, and concentrations of potential markers for MESI [α-glutathione-S-transferase (αGST), intestinal fatty-acid-binding protein (iFABP), and D-lactate] were measured retrospectively. In patients requiring laparotomy, blood samples obtained 72, 48, 24, and 12 h before the laparotomy were additionally measured and compared to all other patients (control group). Results: Laparotomy was performed in 18 patients at 11 ± 7 days after cardiac surgery. MESI was found in 9/18 patients. Already 1 h after cardiac surgery, the serum concentrations of D-lactate (37 ± 18 vs. 25 ± 20 nmol/mL, p < 0.01) and αGST (82 ± 126 vs. 727 ± 1382 μg/L, p < 0.01) in patients undergoing laparotomy were increased compared to the control group. Between patients with and without MESI, differences were only found for iFABP 24 h after cardiac surgery (1.1 ± 0.4 vs. 2.9 ± 0.6 ng/mL, p = 0.04) and up to 72 h before laparotomy (0.56 ± 0.72 vs. 2.51 ± 1.96 ng/mL, p = 0.01). Conclusions: D-lactate and αGST were early markers for gastrointestinal complications after cardiac surgery. Before laparotomy, lowered iFABP levels indicated MESI. Routinely used, these markers can help identify patients with gastrointestinal complications after cardiac surgery early, and might be useful for the evaluation of new therapeutic or preventive strategies.
Introduction
Mesenteric ischemia (MESI) is a rare complication in patients after cardiac surgery, with an incidence of 0.1-0.5% and high mortality rates between 60% and 100% [1] [2] [3] .
The pathophysiological mechanisms for MESI after cardiac surgery are multimodal. It is well known that cardiopulmonary bypass (CPB) causes systemic inflammation [4] , reduction of intestinal perfusion [5] , microcirculatory alterations, loss of intestinal barrier function [6] , and hemolysis [7] . However, postoperatively low cardiac output, intravascular volume deficiency, and the need for vasopressors restrict mesenteric perfusion. Unfortunately, mesenteric malperfusion itself is a trigger of all the abovementioned factors, resulting in a circulus vitiosus process.
The diagnosis of MESI after cardiac surgery is difficult in the setting of mostly sedated, intubated patients, with low cardiac output, systemic inflammatory response syndrome, need for vasopressors, and usually many differential diagnoses for acute abdomen. Early diagnosis and surgical treatment have been suggested to be the only beneficial factors for the prognosis of these patients [2, 8, 9] . Recent publications indicated that different biomarkers have some impact on the detection of MESI [10] [11] [12] . Indeed, α-glutathione-S-transferase (αGST), intestinal fatty-acid-binding protein 2 (iFABP-2), and D-lactate are the most promising biomarkers for the early and accurate detection of MESI. These biomarkers are explained in detail below.
First, the GSTs are a family of enzymes involved in the detoxification of a range of toxic and foreign compounds within the cell by conjugation to glutathione, although different isoforms exist, such as α, π, θ, and μ, which are distributed in relatively specific organs [13] . For example, αGST is a unique biomarker for hepatic and intestinal injuries.
Second, FABPs display a high affinity for long-chain fatty acids and seem to function in metabolism and intracellular transport of lipids. Three distinct FABPs are known: liver FABP, iFABP, and ileal lipid binding protein distributed proximally to distally in the intestine. The iFABP is detectable along the entire length of the small intestine and is maximally represented near the medial segment [14] .
Finally, D-lactate and L-lactate result from the reduction of pyruvate by D-and L-lactate dehydrogenases, respectively. These enzymes uniquely exist in bacteria or mammals, respectively. Therefore, the quantification of D-lactate has been revealed as a marker for bacterial translocation, which follows intestinal or colonic mucosal injury caused by ischemia or other reasons [15] .
Therefore, the aims of this study were (i) to quantify and monitor in a time-dependent manner these markers in patients after cardiac surgery and (ii) to evaluate their potential in identifying patients at a risk for MESI.
Methods

Patient population and characteristics
Between March and October 2012, a total of 567 elective consecutive cardiac surgery patients were included in this study. Institutional Ethics Committee review and approval for this prospective study were obtained , and patients gave written informed consent. Patient-specific parameters were stored anonymized in a project-specific internal database. The mean age was 67 ± 12 years, and 393/567 (69%) of the patients were male. Of the 567 patients, 495 (87.3%) were operated using CPB. The procedures performed with and without CPB, and the comorbidities are listed in Table 1 .
Study protocol and analyzed serum samples
The remaining volume of all routinely taken blood samples in the intensive care unit (ICU) from all included cardiac surgery patients was aliquoted and stored at −80 °C directly after measurement of the routine parameters, which avoided the need for additional blood sampling in the interest of the patient. Patients were routinely treated according to the internal ICU protocols. Due to the high technical effort and considerable costs for the enzyme-linked immunosorbent assay (ELISA) and enzyme assays, αGST, iFABP-2, and D-lactate were measured retrospectively at the end of the study period in all available blood samples taken 1, 24, and 48 h after the cardiac surgery. In patients with laparotomy blood samples obtained 72, 48, 24, and 12 h before laparotomy, the markers were additionally measured retrospectively. Patients with laparotomy with and without MESI were compared to all other patients, defined as the control group.
In 57/567 (10%) patients, no serum samples were taken within the first postoperative hour; 65/567 patients were discharged from the ICU within the first 24 h, and 254/567 (45%) patients within the first 
Biomarkers
The serum concentrations of iFABP-2 and αGST were analyzed using a commercially available ELISA kit (iFABP-2: Hölzel-Biotech, Köln, Germany; αGST: Otto Nordwald GmbH, Hamburg, Germany) according to the manufacturer's recommendations. D-lactate was measured by a colorimetric enzyme assay (BioCat Biovision, Heidelberg, Germany) according to the manufacturer's recommendations. 
Data analysis and statistics
Results
MESI after cardiac surgery is associated with high mortality
Laparotomy due to expected MESI or clinical signs of an acute abdomen was performed in 18/567 (3.2%) patients after 11 ± 7 days of cardiac surgery. The indication for laparotomy was primarily given based on clinical signs of an acute abdomen, continuous hyperlactatemia, or increasing need for vasopressors. Additional computed tomography imaging without evidence of any occlusive mesenteric malperfusion was performed in 7/18 patients. Angiography was performed in one patient. In 9/18 (50%) patients, MESI was found in the ischemic mesenteric segment. The sigma and colon were affected in 7/9 (78%) cases, and the small intestine in 2/9 (22%) cases. Histology revealed transmural necrosis in 5/9 (56%) patients and submucosal necrosis in 4/9 (44%) patients. In patients without resection, no abdominal pathology was found in 5/9 (56%) cases, paralytic ileus in 2/9 (22%) cases, as well as one obscure non-necrotic small intestine perforation and one necrotic gallbladder. Mortality occurred in 8/9 (89%) patients in the laparotomy group with MESI and in 6/9 (67%) patients in the laparotomy group without MESI.
Patients with laparotomy during the postoperative course were found to have significantly more cardiovascular risk factors with a higher rate of diabetes (61% vs. 27%, p = 0.002), more smoking (50% vs. 18%, p < 0.001), and more peripheral artery disease (61% vs. 15%, p < 0.001). Furthermore, patients with laparotomy during the postoperative course had longer bypass times (151 ± 74 vs. 120 ± 55 min, p = 0.023) with CPB time >150 min in 67% vs 21% of the patients (p < 0.001). The rate of patients with need for inotropic support already before cardiac surgery was higher in the laparotomy group (38.9% vs. 3.5%, p < 0.001). Also, postoperative atrial fibrillation (12% vs. 28%, p = 0.043) and heart failure (8.6% vs. 39%, p < 0.001) were more frequent in patients requiring laparotomy later. Laparotomy patients demonstrated significantly higher gastrointestinal complication scores (GICS) (12.97 vs. 3.13, p < 0.001) and EuroSCORE II scores (30.75 vs. 6.6, p < 0.001).
Markers after cardiac surgery and before laparotomy
Within the first 48 h after cardiac surgery, significantly higher αGST and D-lactate serum concentrations were found in patients with laparotomy compared to patients without laparotomy. The iFABP serum concentration was significantly lower in the laparotomy group 1 h after cardiac surgery.
Comparing laparotomy patients with and without MESI up to 3 days before laparotomy, no significant differences between these two groups were found for αGST and D-lactate, but the iFABP-2 levels were significant lower in the MESI group.
High αGST levels are associated with laparotomy
Already 1 h after cardiac operation, nearly 10-fold higher αGST concentrations were found in the serum of patients needing a laparotomy 11 ± 7 days later compared to patients without laparotomy. After 24 h, the αGST concentrations in the laparotomy group were >25-fold higher compared to the control group and remained significantly higher after 48 h (Table 2, Figure 1A) . However, the differences in αGST serum concentration between the laparotomy patients with and without MESI were not significant within 48 h after cardiac surgery (Table 2, Figure 2A ). Up to 3 days before laparotomy, the αGST levels in MESI and non-MESI patients did not differ significantly but were Comparing laparotomy patients with and without MESI up to 3 days before laparotomy, no significant differences between these two groups were found for αGST and D-lactate, but the iFABP-2 levels were significant lower in the MESI group. Timeline of αGST (A), D-lactate (B), and iFABP (C) mean serum concentrations and 95% CI at 1, 24, and 48 h after cardiac surgery for the control, MESI, and non-MESI group at 1, 24, and 48 h after cardiac surgery and 72, 48, 24, and 12 h before laparotomy. Figure 2A ).
High D-lactate levels are associated with laparotomy
Significantly higher D-lactate concentrations were found in the laparotomy group compared to patients without laparotomy 1 h after cardiac surgery. Within the next 48 h, these differences amplified and D-lactate levels were more than twice as high in the laparotomy group (Table 2, Figure 1B ). No significant differences between the laparotomy patients with and without MESI were found within the first 48 h after cardiac surgery (Table 2, Figure 2B ). Before laparotomy, no significant differences between laparotomy patients with and without MESI were found. The measured D-lactate levels 72, 48, 24, and 12 h before laparotomy were comparable to the levels measured in the control group after cardiac surgery (Table 3 , Figure 2B ).
Low iFABP levels are associated with MESI
Only 1 h after cardiac surgery, serum iFABP concentrations between laparotomy and non-laparotomy patients differed significantly. The iFABP concentrations were lower by a factor of 4 in the laparotomy group. Within the next 48 h, the iFABP concentrations remained lower in the laparotomy group, but not significantly (Table 2 , Figure 1C ). Laparotomy patients with and without MESI both had similarly low iFABP-2 serum concentrations 1 h after cardiac surgery. After 24 h, MESI patients had significantly lower iFABP serum concentrations. However, the iFABP-2 levels of laparotomy patients without MESI were similar to those of patients without laparotomy after 24 and 48 h ( Table 2 , Figure 2C ). Before laparotomy, significant differences between laparotomy patients with and without MESI were found. Already 72 h before laparotomy, MESI patients had significantly lower iFABP-2 levels compared to laparotomy patients without MESI. These differences remained significant 48, 24, and 12 h before laparotomy (Table 3 , Figure 2C ).
Discussion
The incidence of MESI after cardiac surgery in the literature varies. In a review with 35 included papers and a total of 151,652 patients, Rodriguez et al. calculated an incidence of 0.16% with 58% mortality [1] . Pang et al. described an even higher incidence (0.31%) and mortality (71%) [2] , and retrospective autopsy studies found MESI in 0.49% of the patients, responsible for 11% of all postoperative deaths [3] . Interestingly, 96% of these had a nonocclusive MESI (NOMI), which is interesting regarding the definition and therapy of MESI, which will be addressed later. Our high laparotomy and MESI rate of 1.6% might be the result of a bias during the study period; however, it reflects the severely ill patient population with a mean EuroSCORE I of 11 ± 14%. According to the GICS model introduced by Nilsson et al. [16] , the expected MESI rate in our patient population is >1.9%, emphasizing the accuracy of the suggested score and the frailty of the observed patient cohort. In the setting of cardiac and aortic surgery, some studies focused on αGST, D-lactate, and iFABP, and their elevation during operations with and without CPB [17] [18] [19] . On-pump coronary artery bypass grafting (CABG) patients showed significantly higher serum αGST levels at the end of surgery (10 μg/L) compared to off-pump CABG patients (4 μg/mL), normalizing 24 h after surgery [17] . Although the reported mean values are low compared to our total control group, they are similar to the mean values of an uncomplicated CABG subgroup (6 μg/mL), demonstrating the general impact of CPB on mesenteric perfusion and intestinal barrier function. In another study focusing on intestinal barrier function, Sun et al. found the highest D-lactate concentration (11 nmol/mL) 2 h postoperatively [21] . D-lactate and αGST showed no differences between patients with and without MESI, neither 72, 48, 24, or 12 h before laparotomy nor early after cardiac surgery. However, both markers were significantly increased in the laparotomy group within the first 2 days after cardiac surgery, suggesting a pathologic gastrointestinal process 11 ± 7 days before clinical signs or imaging indicated laparotomy.
Interestingly, in our study, iFABP-2 was decreased in the laparotomy group compared to the control group early after cardiac surgery and increased again within the next 48 h, although the iFABP-2 concentration remained significantly lower in the MESI subgroup compared to the non-MESI subgroup. Before laparotomy, MESI patients had significantly lower iFABP-2 levels compared to non-MESI patients. These findings might be explained by our definition of MESI, which was a necrotic intestine diagnosed by laparotomy. In a human model, Schellekens et al. demonstrated the reduction of tissue and serum iFABP-2 within 120 min reperfusion after up to 60 min ischemia by subtotal destruction of the intestinal enterocytes and villus structures [22] . In histology of the resected intestinal segments in our study, transmural necrosis was found in 5/9 patients, and submucosal necrosis in 4/9 patients. In all specimens, no mucosa that could have released iFABP-2 was found.
The definition of MESI as intestinal ischemia treated by laparotomy and resection is unambiguous and used in most retrospective studies. However, it does not reflect the dynamics of this disease and its pathomechanism, which is non-occlusive (NOMI) in 95% [3] with an incidence after cardiac surgery of up to 10% [23] . We assume an even higher rate of mild and non-apparent MESI after most cardiac operations, demonstrated by elevated markers after CPB in all studies including ours. αGST and D-lactate seem to be suitable markers for early detection of gastrointestinal complications after cardiac surgery, and iFABP-2 could help differentiate patients with ischemia. Especially in high-risk patients with CPB times >150 min, pre-and postoperative need for inotropic support, atrial fibrillation, and high GICS and EuroSCORE, these markers might be used for differentiation. Nevertheless, resection of necrotic tissue is only damage control, and the benefit of a very early resection is questionable. Accepting the pathologic mechanism and the dynamic character, new therapeutic and protective approaches are required. Substances like glycine [24, 25] and pyruvate [26] demonstrated protective effects in MESI models in rats. The evaluated markers could not only be useful for early detection of patients with MESI, but also represent a new routine for evaluation of protective effects of different substances or conditioning maneuvers in further clinical studies.
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-IFABP is mainly produced in the small intestine, but only two patients had a small bowel ischemia. How do the authors interpret this? -How many patients needed a perioperative renal replacement therapy? -How many patients suffered from liver cirrhosis? 
Reviewer 3: anonymous
Comments to Authors:
This is a nice paper which describes the difficulty of discover a mesenteric ischemia after cardiac surgery. There are no standard clinical markers after surgery. Normally it is a combination of clinical examination an high serum lactat. But lactat after cardiac surgery is often high because of the low cardiac output after cardiac surgery in patients with preoperativ low ejection fraction ( EF). This results in a relative ischemia with higher serum lactat. Most mesenteriac ischemia are non occlusive so diagnostic with CT scan shows the extent of mesenteriac ischemia just in an advaced stage, when a surgery is almost to late. Non occlusive MI is often a result of high catecholamines in patients with low cardiac Output, so it is a circulus vitiosus. The idea of finding markers for MESI is really important and make the decision for a laparotomy in patients after cardiac surgery easier. I would be interested in the number of patients in your study who died because of MI after cardiac surgery and were not presented for surgery?
Authors' Response to Reviewer Comments
Oct 30, 2018 Answer#b: In all but one patient with subsequent laparotomy (thoracoabdominal aortic replacement with axillo-femoral bypass) the heart lung machine was used. The types of surgery in the laparotomy group were: two isolated coronary bypass operations, one biological aortic valve replacement, 2 left ventricular assist devices, 3 lung trans pantations, 9 combination procedures, and one thoracoabdominal replacement. The mean Euroscore in this Group was 41.9 ± 11 which was significantly higher compared to the non laparotomoy group (10,5 ± 1, p<0.001).
However, this paper does not aim at the incidence or clinical causes and risk factors of mesenteric ischemia, but at identifying and validating early markers. Therefore, the focus of the analysis was on the markers and not the clinical data.
Question#c: Could you provide any comparisons between patients with NOMI or non-NOMI?
Answer#c: Since we have not proven an occlusive disease in any of the patients, this comparison is unfortunately not possible.
Question#d: How did you treat the patients with MESI?
Answer#d: In addition to the attempt to reduce the necessary catecholamine doses and generate an optimal cardiac output, the treatment focused primarily on the resection of the necrotic intestinal segment. At the time of the study, no attempts were made by vasodilators to improve mesenteric perfusion locally or systemically.
Question#e: Could you provide a table with the type of operations in patients with laparotomy? Answer#e: As already described above, the laparotomized patients are seriously ill patients who have entered a postoperative cycle of reduced intestinal perfusion and the resulting reduced heart and lung performance. The intitial operation plays only a minor role here. In ouf opinion a table of operations would not add any deeper insight about the markers. The focus of this work is on markers and their course, as well as the observation that they can predict very early a mesenteric low perfusion, which ends in a laparotomy.
Dohle et al.: Serum markers for early detection of MESI V 3. Discussion:
Question#a: Are these outcomes going to change sth in your daily practice?
Answer#a: If affordable I would use these markers as very early markers for general hypoperfusion with effect to the mesenterium. In my daily practice today I try to avoid catecholamines as much as possible and early on I set the indication to additional extracorporeal support systems to ensure the best possible perfusion.
Question#b: Why should you perform a laparotomy and not a laparoscopy first?
Answer#b: In fact, a laparotomy to exclude intestinal ischemia would be much more gentle, faster and in doubt even bed-side feasible. During the study period, however, our colleagues in general surgery performed only a few laparoscopic procedures and the argument of not being able to perform resections was put forward. Therefore, all laparotomies were performed openly. Meanwhile, laparoscopies are also performed.
General comments:
Question#A: The topic of your research is very important and interesting. However, the presentation of the cohort is a little bit difficult. You have to explain the type of MESI; if all cases were NOMI, then you have to change the terminology.
Answer#A: As already described in the introduction, the cause of mesenteric ischemia with the final picture of mesenteric necrosis can be manifold. The term NOMI merely describes a possible etiology of mesenteric ischemia. Further causes may be embolic events and thus occlusive mesenteric ischemia, reduced cardiac output or venous congestion. In cardiosurgical patients the events will mostly be multimodal, therefore the classification NOMI and OMI was deliberately avoided but used for a clear classification of the groups MESI in the sense of a safe clinically and pathologically proven mesenteric ischemia.
Question#B: Try to determine if there was a correlation between type of operation, op time and ICU stay with the need of laparatomy or MESI.
By this way, you can recommend that in these types of patients (e.g. patient after mitral valve replacement with op duration > 4h, and ICU stay > 2 days) you have to check these markes. This would be very helpful for the readers.
Answer#B: No differences were found between the groups with and without laparotomy with respect to mean age (p=0. and heart failure (8.6% vs 39%, p<0.001) were more frequent in patients requiring laparotomy later. Laparotomy patients demonstrated significantly higher GICS scores (12.97 vs. 3.13, p<0.001) and Euroscore II scores (30.75 vs. 6.6, p<0.001). Some of these parameters were included into the results section and mentioned later in the discussion. We could now easily calculate uni-and multivariate models and quantify these correlations and call them risk factors. Nevertheless, these results about clinical risk factors repeat what we already know and what has been published before. Our focus was to study new markers, not known risk factors.
Question#C: You are talking about early diagnosis but it seems that this will not influence the outcome according to the literature in case of NOMI. Did I understand it right? In this case, you have to discuss the real benefit of early detection.
Answer#C: We completely agree. On the other side there is not only black and white. In our understanding and from our experience in rat models we know, that MESI is a dynamic process involving other organs. It seems like any use of CPB or hypotension, even running a marathon, leeds to some degree of mesenteric malperfusion. Depending on the duration and the recovery capacity different degrees of damage occure.
We were looking for markers that could help us to get a deeper understanding of these processes after heart surgery. Therefore, we wrote in the discussion section: "The definition of MESI as intestinal ischemia treated by laparotomy and resection is unambiguous and used in most retrospective studies. However, it does not reflect the dynamics of this disease and its pathomechanism which is non-occlusive (NOMI) in 95% [3] with an incidence after cardiac surgery up to 10% [23] . We assume an even higher rate of mild and non-apparent MESI after most cardiac operations demonstrated by elevated markers after CPB in all studies including ours. Although αGST and D-lactate seem to be suitable markers for early detection of gastrointestinal complications after cardiac surgery and iFABP-2 could help differenciating patients with ischemia, resection of necrotic tissue is only damage control, and the benefit of a very early resection is questionable. Accepting the pathologic mechanism and the dynamic character new therapeutic and protective approaches are required. Substances like Glycine [24, 25] and Pyruvate [26] demonstrated protective effects in MESI models in rats. The evaluated markers could not only be useful for early detection of patients with mesenteric ischemia, but also represent a new routine for evaluation of protective effects of different substances or conditioning maneuvers in further clinical studies."
Reviewer#2
Question#1: Do you think that the retrospective measurement of all markers in the blood samples could bias the results? Where and how did you preserve the samples?
VI Dohle et al.: Serum markers for early detection of MESI Answer#1: In fact, the retrospective measurement of the samples could change the actual value. The samples were stored at -80°C after centrifugation and collected the regular laboratory parameters and then measured in larger groups to have sufficient samples for the rather expensive essays. In preliminary experiments with animal samples, the duration of the sample storage had no influence on the measurement result.
If, however, a non-excludable error should have occurred due to the time interval until storage, this would be a systematic error that should not have led to any bias.
Question#1: There was a similar study published by Ludewig et al. in 2017. Why was this study not cited or the results discussed since they are completely different to the results of the presented study?
Answer#1: This manuskript was mainly written with one interruption for an international fellowship before the Ludewig paper was published, therefore it was not recognized and cited. However, the authors explain thereselves: "It may be possible that I-FABP is not released when the ischemia of the bowel wall progresses and the mucosa does not recover, leading to false negative I-FABP test results". In our study only patients with proven bowel necrosis were categorized as MESI patients and therefore they might have no more I-FABP to release as stated in our discussion. On the other hand nearly our complete control group underwent cardiopulmonary bypass before the first postoperative measurement. Based on the high sensitivity of the marker we can expect elevated markers in nearly all patients, even in the control group, except those that have really severe damage, that does only recover within the next days.
Question#2: How was the decision for performing a laparotomy made? CT-based? Clinical state?
Answer#2: In 7/18 patients a CT and one angiography was performed before laparotomy, without any evidence of occlusion of an intestinal vessel. In most cases, however, the intestinal vessels were narrow and reduced in perfusion. However, since the CT findings were rarely unambiguous, laparotomy was performed in conjunction with the clinical signs. (We added the sentences: "Indication for laparotomy was primarily given by clinical signs for an acute abdomen, continuous hyperlactatemia or increasing need for vasopressors. Additional CT-imaging without evidence for any occlusive mesenteric malperfusion was performed in 7/18 patients. Angiography was performed in one patient") Question#3: The number of patients is too low to draw a significant conclusion. Only 1,5 % of the observed patients received a laparotomy, the study design seems to be a random shot.
Answer#3: The study cohort includes 567 patients. Serum samples 1, 24 and 48h after cardiac surgery of 510 (90%), 502 (89%), and 313 (55%) patients respectively and 18 patients up to 72h before laparotomy were analysed. Basically we compared the markers of 18 patients with laparotomy with 510 patients without. The group of laparotomy patients (3.6%) looks small but the effect must have been strong enough, so that the differences were statistically significant. The study presented here was planned following a pilot study. As part of the pilot study, we collected blood samples from patients suspected of having mesenteric ischemia who were laparotomized shortly afterwards. To our surprise, the measured values at this time shortly before the laparotomy were significantly lower than expected. On the other hand, the values measured early postoperatively as a control group were higher. We concluded from this that probably every use of the HLM causes a mesenteric ischemia of small magnitude and that the release of markers is no longer to be expected if the tissue is already in a position to measure as many meaningful samples as possible with the limited financial resources, we decided on the selected study design, in which we first observe the early postoperative markers and the early postoperative course of all patients and in patients who undergo a laparotomy also the period before the laparotomy. This procedure seemed to us to be reasonable and was no coincidence. Retrospectively, we should also have taken preoperative samples, but we could not do this after the study.
Question#4: IFABP is mainly produced in the small intestine, but only two patients had a small bowel ischemia. How do the authors interpret this?
Answer#4: We completely agree with you, I-FABP is expressed in a significantly higher proportion in the small intestine. Nevertheless, an expression in the large intestine is also described. Furthermore, the fact that only in 2 patients a resection worthy necrosis of the small intestine was found does not mean that in the remaining patients with a resection of the large intestine not also an intraluminal but not a transmural damage of the small intestine is present.
Question#5: How many patients needed a perioperative renal replacement therapy?
Answer#5: Out of the total cohort 82.5% needed no postoperative renal replacement therapy, 15% received temporary postoperative renal replacement therapy, 2.5% needed intermittend dialysis postoperatively. Temporary postoperative dialysis therapy was significantly more frequent in patients that needed a laparotomy during the postoperative course (33% vs 14.4% p<0.001). We do not know how many of the patients had intraoperative dialysis, but agree that CVVHD intra-and postoperatively, as well as the renal function might have influenced the FABP values. We were unfortunately unable to exclude this variable.
Question#6: How many patients suffered from liver cirrhosis?
Answer#6: We did not store any information about the liver function, but agree, that it might have influenced the markers as well.
Reviewer#3
Question#1: I would be interested in the number of patients in your study who died because of MI after cardiac surgery and were not presented Please rate the appropriateness of the references. 4 Please evaluate the writing style and use of language. 4 Please judge the overall scientific quality of the manuscript.
3 Are you willing to review the revision of this manuscript? Yes
Comments to Authors:
This is a nice paper which describes the difficulty of discover a mesenteric ischemia after cardiac surgery. There are no standard clinical markers after surgery. Normally it is a combination of clinical examination an high serum lactat. But lactat after cardiac surgery is often high because of the low cardiac output after cardiac surgery in patients with preoperativ low ejection fraction ( EF). This results in a relative ischemia with higher serum lactat. Most mesenteriac ischemia are non occlusive so diagnostic with CT scan shows the extent of mesenteriac ischemia just in an advaced stage, when a surgery is almost to late. Non occlusive MI is often a result of high catecholamines in patients with low cardiac Output, so it is a circulus vitiosus. The idea of finding markers for MESI is really important and make the decision for a laparotomy in patients after cardiac surgery easier. Nov 12, 2018 Many thanks for the opportunity for an academic discussion. Please find below the answers to the questions of reviewer 2:
Authors' Response to Reviewer Comments
Reviewer 2, comments to the revised manuscript: The interest of the independent reviewer in this specific paper and its citation is interesting. As already explained in the review, the trivial reason not to cite this paper was the time of writing. In addition, however, we also explained why Ludewig et al. were not cited, but without going too deeply into the paper in question. I would like to make up for that.
Ludewig et al., similar to our previously mentioned pilot study, have included patients with suspected intestinal ischemia. In an interdisciplinary intensive care unit with over 2000 patients in the study period, a total of 43 patients with suspected ischaemia of the intestine were included. Of these, 21 patients were laparotomized, intestinal ischemia / necrosis was confirmed in 20 patients and parts of the bowel were resected. In 22 patients the survival of 7 days was interpreted as the exclusion of intestinal ischemia.
We consider the exclusion of intestinal ischemia by survival of 7 days without laparotomy to be a very questionable endpoint. As von Schellekens et al (2014) shows, in a human model the iFABP concentration in the serum decreased already after 120 min of ischemia by destruction of all enterocytes and villous structures. As the authors themselves proved (1 patient was not resected but only embolectomized) such an ischemia does not necessarily lead to resection and a missing laparotomy does not rule out intestinal ischemia. The question is therefore more about the definition of intestinal ischemia. Do we define it as a necrotic intestinal segment that has to be resected or as the destruction of all enterocytes and villous structures, and how we describe the stages in between? Therefore, we have consistently chosen the endpoint laparotomy. In addition, we chose another reference point for the measurement: the laparotomy itself, which was performed on average 11 days after the initial heart operation.
The patient population of the two studies is therefore difficult to compare. In the group of patients with intestinal ischemia at Ludewig et al. only 19% of the patients were operated with CPB, in group 2 only 36%. The collective chosen by the colleagues is more heterogeneous, as probably also the etiology of mesenteric ischemia. While in our work heart surgery was chosen as the presumed trigger, in Ludewig et al. the first sample was obtaineda at the time of suspicion of intestinal ischemia, or the sample obtained the day before was used. Due to the different reference points in our study design, different time periods of a dynamic event are considered. In our work, however, our study design clearly defined the reference points with a) the heart operation as trigger and b) the laparotomy.
In the overall view, however, the results are not necessarily contradictory. Also Ludewig et al only found a significant difference between the groups with and without mesenteric ischemia in serum samples in the subgroup analysis with only 22 patients, whose presumed triggering event was less than 48 hours ago. Thus, as our data with two further markers show, within the first hours after the trigger event, the markers seem to be increased or to rise. In the case of iFABP, which probably rises intraoperatively already very quickly after damage. It is not so surprising that after longer surgeries the markers are already lowered directly postoperatively, especially in comparison to a collective that also
